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Abstract 

The progress which has been made in the therapy of patients with head 
and neck cancer in recent years mainly concern the HPV associated 
HNSCC and the quality of life. The overall survival of patients carrying 
non HPV associated HNSCC during the last thirty years has not experi- 
enced any significant improvement and must be referred to as static 
[1], [2]. The problem of the illness remains unchanged in the frequent 
and poorly controllable relapse situation. The locoregionally originating 
tumours or lymph node metastases show a considerably poorer re- 
sponse towards current therapies. Likewise for a number of patients a 
formation of distant metastases seems to develop during the course 
of the illness. Those distant metastases are also therapeutically rather 
difficult to control. Therefore the mortality of the non HPV induced head 
and neck cancer remains unchanged. 

The term "stem cell" describes the entity cell, which acts as a reservoir 
for new cells in order to replace defective or necrotic cells. A fundament- 
al characteristic of stem cells is the constant ability to multiply into dif- 
ferent type of cells, which subsequently do not proliferate. 
With the insight of new knowledge within the regenerative medicine 
and the ability of stem cells of self regenerating proliferation and their 
multipotency in the differentiation, the origin of cancer attains a new 
distinction. If you look on the tumour as a malignant wound it becomes 
obvious, that the regeneration or the composition of additional tissue 
depends on the presence and differentiation of stem cells. The wound 
healing, which is a regeneration of tissue depends not only on stationary 
stem cells. In fact stem cells are attracted for "homing" in the defective 
areas by despatch of various messengers, which then form and replace 
the vascular tree or other tissue [3], [4]. 

Next to those stem cells, which functionally help to form tumour tissue, 
a small entity of "real cancer stem cells" in solid tumours is expected. 
Those occur in tumours and they have typical stem cell characteristics 
like self-regeneration and the potential of differentiation and are poten- 
tially responsible for tumour growth. With their ability of self-regeneration 
they would have the ability to form a complete tumour out of every single 
cell. That tumour would histologically look like the tumour those cells 
initially originated from. Of particular interest regarding those currently 
still elusive cancer stem cells is their resistance towards current ther- 
apies like radiotherapy or chemotherapy. Those insights now get a 
completely new meaning in tumour biology: Does a cancer stem cell 
exist, which is able to initiate and keep up tumour growth despite all 
possible therapeutic interventions? 

This presentation will outline the current views regarding cancer stem 
cells in non HPV associated HNSCC and it will highlight problems, which 
are currently researched on. The objective must be to understand the 
biology of those cells in a way that make an extended range of thera- 
peutics possible. A therapy, which specifically targets cancer stem cells, 
could improve the chances of recovery. 
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1. Tumour infiltrating stem cells 

Currently the degree of contribution of stem cells towards 
the regeneration of cancer is widely not understood. 
Resulting of my own observations and analysis of literat- 
ure it becomes clear, that HNSCC is infiltrated by a large 
number of stem cells [5]. For many of those stem cells it 
unclear where they originate from. The source could be 
either in the bone marrow or in peripheral tissue [6], [7]. 
Usingthe example of the CD34 progenitor cells described 
below the implication of such infiltrating stem cells will 
be highlighted, whereby far more cells carrying stem cells 
markers are present in HNSCC [8]. 

1.1 Infiltrating CD34 progenitor cells in 
development and therapy of HNSCC 

Over the last years it became obvious that adult stem 
cells and their precursor contain a highly therapeutical 
potential. Beside their usage within the regenerative 
medicine there are increasing indications for a promising 
usage within oncology [9]. A number of studies could 
demonstrate that CD34 pos cells are mobilised from the 
bone marrow into the bloodstream by GM-CSF which is 
produced by head and neck carcinomas [10], [11]. Fur- 
thermore the CD34 pos cells are chemotacticly attracted 
by the head and neck carcinoma by means of VEGF [12]. 
The possible biological background is many-faceted; stem 
cells can be involved in neoangiogenesis in order to im- 
prove the deficient blood supply in the tumour [4], [13]. 
Furthermore it seems thinkable, that the tumour, based 
on the deliberations in terms of a tumour stem cell, pro- 
motes the differentiation of the entering CD34 pos cells in 
tumour cells. 

It has been demonstrated that hemopoietic, mesenchymal 
and endothelial progenitor cells from the bone marrow 
play a central role in the synthesis of the tumour stroma 
and in the neoangiogenesis [9], [14]. By means of genet- 
ically modified stem cells antitumoural effects in animal 
models had been already achieved [15], [16], [17]. In 
addition to it the elucidation and usage of tumour specific 
stem cell recruitment opens the possibility to induce effi- 
cient graft-versus-leukaemia effects in the context of al- 
logenic stem cell transplantations. The genetic modifica- 
tions of those cells could, in the context of autologous 
stem cell transplantations, induce antitumoural effects 
without damaging the normal tissue. Moreover a broad 
clinical basis for a safe clinical application of those cells 
exists, because a bone marrow transplantation/stem cell 
therapy after myeloablative treatment is, for many years, 
an inherent part of therapy protocols. Additionally those 
cells are relatively easy to isolate, to multiply and can be 
genetically modified transiently or permanently in many 
ways. Hence the expansion of knowledge of those cells 
within oncology is crucial for the development of new 
HNSCC therapies [3], [11], [18], [19], [20], [21], [22], 
[23], [24], [25], [26], [27], [28], [29], [30]. 



In addition more recent studies have shown, those stem 
cells develop potent immunosuppressive characteristics 
under the influence of the tumour environment. It was 
shown, that T cells obtained from a head and neck car- 
cinoma are significantly limited in their ability to secrete 
IL-2. However, if one removes the CD34 pos cells from the 
cell lysates, a distinctly higher IL-2 secretion manifested. 
On the other hand adding additional CD34 pos cells had 
the same effect and lead to a significant suppression of 
the IL-2 secretion [31]. 

Furthermore it was shown, that the response rate of 
T cells obtained from a head and neck carcinoma to a IL- 
2 stimulus in an autocrine stimulation sense is perman- 
ently restricted. While a normal T cell population reacts 
to an IL-2 stimulus with a high proliferation rate, so limited 
is, on the contrary, the beneficent reaction under the in- 
fluence of CD34 pos cells. The response rate to such a 
stimulus is lowered. In the same way, however, the re- 
sponse rate to an IL-2 stimulus can be normalised by re- 
moving the CD34 pos cells from the cell lysates [31]. This 
immunosuppressive influence of those cells is apparently 
moderated via secretion of TGF-b and other cytokines via 
CD34 pos cells. In further studies the above-mentioned ef- 
fects of the CD34 p0S cells have been averted by means 
of antibody based blocking of the TGF-F receptors [31], 
[32], [33] (Figure 1). 

The reflection was deduced from the research results 
mentioned above, which is to bypass not only the immun- 
osuppressive characteristics of the CD34 pos cells via dir- 
ected differentiation, but also to influence via directed 
differentiation their characteristics as a directed immune 
response against the tumour [34]. In this context those 
studies are of great interest, which could demonstrate, 
that CD34 p0S cells obtained from patients with head and 
neck carcinoma can differentiate to dendritic cells [35], 
[36], [37]. In present tests to recruit dendritic cells as an 
antitumoural immunotherapeutic, often the number of 
the cells to be recruited represents the limiting factor. 
Based on the fact, that a peripherally increased level of 
CD34 pos cells could be verified on patients with head and 
neck cancer, this could represent an elegant and prom- 
ising new approach in terms of an antitumoural immuno- 
therapy [38], [39], [40]. 

2. Cancer stem cells 

Cancer stem cells (CSC) are characterised by specific 
markers, which very much depend on the origin of the 
CSC's surroundingtissue. Cancer stem cells are initiating 
and sustaining carcinomas, because they are self-regen- 
erating and remain resting in most carcinomas. Other 
cancer cells make up the largest part of malignant cells; 
however, they do not contribute to the malignancy of the 
illness to the same extent. It is of particular interest, that 
some cancer stem cells resist the common chemother- 
apies and radiotherapies and show a low immunogenicity. 
This resistance could explain why tumours vanish initially 
after such therapies mentioned above, but often occur 
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Figure 1: Stem cells in the tumour: The role of CD34- progenitor cells 



again later. A therapy, which specifically targets cancer 
stem cells, could improve the chances of recovery. It is 
widely believed that the present therapies target the 
"normal" tumour cells which form the major part of the 
tumour, but it is also believed, that new concepts must 
be developed, which reliably eliminate the considerably 
more resistant cancer stem cells [41], [42]. For this pur- 
pose a large number of existing data originate from 
studies of different cancerous entities, nevertheless there 
is a large number of data already, which were verified on 
HNSCC. 

2.1 Definition and characteristics of 
cancer stem cells 

From healthy stem cells we know their function of self- 
regeneration and their ability to differentiate into cells of 
various tissues. The present findings about cancer stem 
cells demonstrate that they extend those abilities pos- 
sessed by normal tissue stem cells [43], [44]: 

• Unlimited self-regeneration 

• Differentiation into various cell types 

• Loss of control of proliferation 

• Initiation of malignant tumours on a single cell basis 
via symmetric proliferation 

• Expression of cancer stem cell specific markers 

Thus the tumour possesses at least two entities of cells 
- the tumour initiating cancer stem cell and those cells 
(non tumorigenic cells) originating from cancer stem cells, 
which have lost their ability of self-regeneration [43]. 



2.2 Source of cancer stem cells 

The present theory of formation of head and neck cancer 
can be summarised as follows: Caused by a questionably 
genetic disposition duringa chronic inflammation caused 
by permanent tobacco and alcohol abuse, mechanic irrit- 
ation or viral infection, a spontaneous accumulation of 
various genetic alterations develops leading to a mani- 
festation of a malignant phenotype. Then clonal diver- 
gence and selection lead to a formation of a carcinoma. 
This accumulation of genetic alterations can appear 
synchronously or metachronously in the area of the entire 
inflammation of the exposed mucosa which leads to the 
so called "field-cancerization" [45], [46]. 
If one carries over the afore-mentioned to the present 
assumption of the genesis of cancer stem cells, certain 
parallelisms can be verified, whereby the formation of 
cancer stem cells is not conclusively clarified for any tu- 
mour entity. Currently three hypotheses are discussed 
[47]. 

1. Source of "normal" stem cells with cancerous pheno- 
type. 

2. Source from differentiated cells with oncogenic 
mutation (Return to self-regeneration and multipo- 
tency) 

3. Fusion of stem cells with tumour cells (much dis- 
cussed with the formation of bone metastases) 

Whatever mechanism for the formation of a tumour stem 
cell one presumes, the offspring cells will retain the sig- 
nalling pathways and characteristics of the source cell 
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Figure 2: The formation of HNSCC: stochastic vs. hierarchic model 



they originated from, although many of the signalling 
pathways are downregulated and therefore inactive. 

2.3 Stochastic or hierarchic expansion 
of tumours 

Currently two models describing growth behaviour are 
being discussed and compared. The stochastic model 
describes the up to now pursued thesis, that there would 
be one "mother cancel cell", which stochastically prolifer- 
ates by entry into the cell cycle, whereby each cell within 
the tumour possesses the same ability to promote tumour 
growth. Therefore each cell is equally potent to initiate a 
tumour. The heterogeneity of the tumour is explained by 
spontaneous shifts in the phenotype (Figure 2). 
In contrast to the above is the hierarchic system, which 
splits the cells of a tumour in at least two entities: The 
tumour initiating cancer stem cell and its differentiated 
offspring with various degrees of maturation, which lost, 
however, the ability to initiate a tumour [48], [49]. It is 
the subject-matter of current research to what extent the 
heterogeneity of tumour cells within a tumour can be 
ascribed to those various degrees of maturation. In theory 
one CSC would be sufficient to initiate a tumour, which 
develops the same histological phenotype as the tumour, 
from which the CSC originated from (Figure 2). 
As far as HNSCC is concerned it has not been finally 
clarified which model is valid. One can find arguments 
for a rather evolutionary formation of a carcinoma, but 
many things can be explained with differentiation. 
Therefore there is much to be said for the hierarchic 
system. Thus, malignant cells within the vicinity of the 
carcinoma have the same biological behaviour, which 
can be explained rather with differentiation than with 
evolution. Furthermore the metastases showed the same 
heterogeneity than the primary tumour albeit without 
being exposed to the same DNA damaging noxa. 
The quantity of CSC which is needed to develop a car- 
cinoma of identical origin varies among the tumour en- 
tities are determined by replantation studies in the 



mouse. Currently the quantity fluctuates between 10 3 
and 10 7 cells [48], [50]. The reason certainly lies in the 
purity of the isolated and defined as CSC cell population, 
which can be classed as low for HNSCC due to non exist- 
ing markers. 

2.4 Surface markers for characterisation 
of cancer stem cells in HNSCC 

The definition and isolation of CSC is subject to the 
problem, that many markers are necessary, which are 
also expressed in ordinary cells. It is the subject-matter 
of current research to identify a clear definition and addi- 
tionally to identify a clear definition of particularly invasive 
subgroups where applicable. Currently the hereinafter 
characterised markers are used; more are being tested. 

2.4.1 CD44 

The isolation and characterisation of recent CSC in HNSCC 
revolved around the marker CD44 [50]. CD44 is not suf- 
ficient, because as a glycoprotein of the cell surface it 
takes part in many cell-cell interactions, cell adhesion 
and migration. In humans CD44 is present in a plurality 
of splice variants, which already have been linked with 
cell transformation and tumour progression before the 
discovery of CSC. Thus, the CD44h is the receptor for 
hyaluronic acid and therefore it is a relevant connecting 
link in the regulation of extracellular matrix interactions. 
CD44v6 was linked with the progression of laryngeal 
carcinoma but CD44 and CD44v6 are also expressed in 
many benign tissues of the aerodigestive tract. The 
quantity of the real CSC cannot be determined alone by 
the measurement of CD44. Furthermore CD44 is ex- 
pressed in all stem cells of hemopoietic origin. A combin- 
ation of lineage markers (CD2, CD3, CD10, CD18, CD31, 
CD64 and CD140), which must be negative, is mandatory 
[51], [52], [53]. Even the combination of CD44+lin- leads 
to a selection of cells, which requires a very high number 
of cells in the tumour induction of the mouse, thus, it 
does not represent an aggressive or well-assorted popu- 
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lation. It is characteristic, that the majority of the stable 
entrenched HNSCC lines are also severely CD44+lin- [52]. 

2.4.2 CD24 

CD24 is a cell adhesion molecule, which is expressed on 
the surface of many B cells and in differentiating neuro- 
blasts. It encodes a sialoglycoprotein, which is expressed 
in many mature granulocytes and B cells and in CSC as 
recently was shown [54]. 

2.4.3 ALDH1 

Only recently Aldehyde Dehydrogenase 1, a member of 
the cytosolic enzymes, which catalyses the oxidation of 
the aromatic aldehydes in carboxylic acids, was verified 
as a potential marker for CSC in HNSCC [55], [56]. In 
other cancer entities it could be demonstrated that ALDH1 
plays a role in the conversion of retinol into retinoic acid, 
which is important for proliferation, differentiation and 
survival of, for example, keratinocytes. The activity of 
ALDH1 is responsible for the resistance of progenitor cells 
towards chemotherapeutic substances, because it can 
break down cytotoxic drugs [57]. ALDH1 positive cells are 
increasingly identified as an objective of therapeutic 
measurements [58], [59], [60]. 

2.4.4 CD133 

CD133 is a ubiquitous markerfor hemopoietic stem cells, 
endothelial progenitor cells, glioblastoma, neuronal and 
glial stem cells. It actively takes part in the change of the 
plasma membrane [61]. For HNSCC an influence on the 
expression in CD133 for an increased rate of recidivation 
and secondary neoplasms was verified [62]. An implica- 
tion of CD133+ in combination with other markers is not 
clearly investigated yet [63], [64], [65], [66]. 

2.5 Surface markers for characterisation 
of cancer stem cells in HNSCC 

Both healthy stem cells and cancer stem cells show a 
great variety of signal transduction pathways, which are 
necessary to maintain the sternness (integrity and potency 
of a stem cell) and other various functions of the stem 
cells. The following have come into view of current re- 
search: Wnt/frizzled, 0ct4, Snail, Twist, Sox, Nanog, hCG, 
GSC, E-cadherin, AFP, GATA-4, HNF-3 beta/FoxA2, PDX- 
1/IPF1, Otx2, TP63/TP73L, Goosecoid (GSC) and many 
more others. The implication of those signalling pathways 
shall be exemplarily illustrated by the Wnt signalling 
pathway, which is the best researched way with regards 
to HNSCC. 

2.5.1 Wnt signalling pathway 

The Wnt signalling pathway is involved in the regulation 
of most different biological processes like, for example, 
embryogenesis, cell proliferation and cell migration. 



Having different differentiation and transformation pro- 
cesses at the back of one's mind the signalling pathway 
also takes part in tumour suppression and oncogenesis. 
The cause of an increased cancer risk often lies in a de- 
regulation as a result of mutations, e.g. breast cancer or 
colon carcinoma [67]. 

The team around Roel Nusse discover the Wntl protein 
under the name of Intl. They found out, that mice, in 
which that protein has been over-expressed, contract 
breast carcinoma. The Wntl protein, which holds a pref- 
erential integration site of the mouse mammary tumour 
virus (MMTV) and therefore has been named proto-onco- 
gene Intl, was responsible for it [68]. At the same time 
a mutation of the wingless gene (wg) was described for 
a wingless variant of the common fruit fly drosophila 
melanogaster. By comparison of the sequences both 
genes have been associated with each other and finally 
were named Wnt [69]. 

Figure 1 illustrates the canonic Wnt signalling pathway. 
With the help of various cofactors the Wnt proteins bind 
on the transmembrane receptors of the Frizzled family 
and via the 6-catenin, the central component, the regula- 
tion is carried out. By the receptor complex's Wnt signal 
a stabilisation and subsequent accumulation of 6-catenin 
in the nucleus is made possible, so that a gene expression 
of target genes can take place with the help of transcrip- 
tion factors. 

Cytoplasmic 6-catenin is subject to a permanent degrad- 
ation process. Newly synthesized 6-catenin is immediately 
bound to the tumour suppressor genes "Adenomatous 
Polyposis Col i" (APC) and axin. The activity and bonding 
of 6-catenin to those two proteins is increased by the 
phosphorylation of the glycogen synthase kinase 3 
(GSK3). Subsequently 6-catenin is phosphorylated and 
degraded into serine/threonine by the kinases [70]. 

Implication of the Wnt pathway for HNSCC 

Even before the identification of CSC in HNSCC by Prince 
et al. in 2007 [50], as early as 2002 it was verified on 
permanent HNSCC lines which were compared with 
healthy epithelial cells, that HNSCC lines show consider- 
ably increased levels of mRNAfor Wnt-1, 7a, 10b, 13 and 
for Fz-2. A blockade of the Wnt pathway by means of an- 
tibodies led to a reduction of the factor LEF/TCF which 
is required for the transcription of Wnt and reduced the 
expression of cyclin dland the 6-catenin pathway. It also 
led to an inhibition of proliferation and induced the apop- 
tosis in the HNSCC [71]. Yang et al. [72] could verify that 
the Wnt/beta catenin signalling pathway suppresses the 
receptor mediating apoptosis in HNSCC. 
In so doing not only the tumour necrosis factor (TNF)/c- 
Myc-mediated apoptosis, but also the cell detaching 
mediated apoptosis (anoikis), which is dependant on the 
receptor-mediated pathway, is averted. The Wnt/beta 
catenin signalling pathway induced cell detachment in 
otherwise adherent growing HNSCC and supported inva- 
sive growth in Matrigel [72]. 
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Other research groups could demonstrate that cells with 
over-expressed Wnt signals behave highly invasive in 
vitro, tumorigenic in vivo and chemoresistant towards 
Bortezomib and Etoposide [73]. In a study of solid HNSCC 
an association of high expression of WNT7a and Frizzled 
5 mRNAwith reduced length of survival became apparent 
[74]. This could be confirmed with other markers along 
the Wnt pathway. A new transcription factor Rapl was 
identified, which effectuates the stable and stability and 
nuclear translocation of the beta catenin. Clinically this 
is associated with more advanced lymph nodes stadia of 
the illness [75]. 

3. Epithelial-mesenchymal 
transition (EMT) in head and neck 
cancer 

The development of a complex organism is based on a 
network of numerous control mechanisms and a stringent 
controlled order of events. It initially starts with the epi- 
thelial-mesenchymal transition, i.e. the transition of epi- 
thelial cells in cells with mesenchymal characteristics. In 
1982 this developmental and biological process was first 
described by Greenburgand Hay [76]. Cell-to-cell contacts 
are broken up by down-regulation of various adherence 
molecules like E-cadherin and specific signalling mo- 
lecules (Wnt/S-catenin, FGF or TGF61/BMP) induce the 
cell migration and the development of mesenchymal 
characteristics. 

EMT triggers changes in the expression, in the intracellu- 
lar distribution and in the function of various growth 
factors (TGF-6, transforming growth factor beta), transcrip- 
tion factors (Snail, nuclear 6-catenin), cell to cell adhesion 
molecules (cadherins, claudines, occludines), cell-matrix 
adhesion molecules (integrins), modulators of the cyto- 
skeleton (Rho GTPases) and extracellular proteases 
(matrix metalloproteinases) [77]. 
As the transition advances the cytokeratins, which take 
part in the composition of intermediate filaments, are 
often replaced with vimentin. Furthermore molecules like 
fibronectin and vitronectin, which enables the cells with 
an increasing feature to migrate, are increasingly ex- 
pressed. Caused by those changes the epithelial cells 
loose their rounded shape and are now able to migrate 
through the basement membrane [78], [79], [80]. 
Those events of the embryonic development are very 
similar to those cellular processes regarding the meta- 
stasis of malignant tumours. There, too, the tumour cells 
obtain the ability to migrate via a phenotype change. In 
epithelial tumours single cells can dissociate themselves 
from the cell colony this way and they can spread through 
the blood system or lymphatic system and form new tu- 
mours in other locations. 

The necessary dissociation of single epithelial tumour 
cells, which is required for metastasis, often has been 
linked with EMT processes [80], [81]. The loss of cell 
adhesion structures alone, however, does not define an 



epithelial-mesenchymal transition and therefore the 
problem of identifying reliable EMT bio-markers and the 
further characterisation of developing post-EMT cells re- 
mains [82], [83]. 

As early as 2006 gene expression analyses showed a 
significant correlation between tumour aggression and 
expression profiles of various genes in the areas of EMT 
and cell adhesion [84]. Additionally further correlations 
between tumour progression and EMT regulation are 
known. 

As a result of an activation of FGFRIIB- tyrosine kinase 
and successive Src-, Ras and signalling cascades bladder 
carcinoma cells differentiate to wandering fibroblasts 
[85]. Furthermore a SNAI1 dependant regulation of vari- 
ous EMT associated genes was verified for colorectal 
carcinoma cells. Snail suppresses the expression of 
E-cadherin, which is a cell adhesion protein, and therefore 
plays an important role in the synthesis of mesenchyme 
from epithelial cell colonies [86]. 
In mouse models it was verified for breast cancer, that 
the progression and the metastasis of regressive tumours 
was stimulated again by the expression of Snail. The 
formattingtumours consisted of mesenchymal cells [87]. 
Furthermore in the aggressive-invasive ductal breast 
cancer an over-expression of the EMT transcription factor 
FOXC2 was verified [88]. Therefore a model has been 
described, in which classic activators of EMT like Snaill 
or Twist-1, form cells with mesenchymal characteristics 
out of epithelial tumour cells, which are called cancer 
stem cells (CSC). Those cells are able to perform self-re- 
generation and they are able to promote maturation and 
multiplication in the remainder of the non CSC tumour 
cells. In this way they contribute to tumour initiation, tu- 
mour progression, tumour invasion and metastasis 
(Ouyang et al., 2010). Because various signalling cas- 
cades like Wnt are involved in the ENT in embryology as 
well as in the regulation of stem cells, coherence between 
EMT, stem cells and tumour formation, tumour growth 
and metastasis is assumed. 

To date only singular observations are reported in head 
and neck cancer giving significance for EMT to single 
proteins like TrkB, ZEB1, NBS1 or Stat3 [89], [90], [91], 
[92]. 

4. Stem cell reservoir and tumour 
niches 

The number of postnatal tissue, in which stem cells or 
progenitor cells were found, has increased dramatically 
in recent years. Stem cell reservoirs, so called niches, 
were shown in many tissues. Those niches feature special 
conditions and structures, which are necessary for self- 
preservation and regulation of stem cells. In an in vitro 
culture many of those cells show an enormous plasticity 
and they can differentiate into various specialised cell 
types. Thereby it is particularly remarkable, that the 
number of stem cell types, to which pluripotent character- 
istics are attributed to, also increased recently. Those 
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cells are capable of differentiate into cell types of the 
three embryonic areas. 

There is evidence to suggest that tumour stem cells can 
revive cancerous illnesses after an initially successful 
therapy and furthermore can be regarded as the source 
of metastases. Of great relevance for the preservation of 
those stem cell characteristics presumably is the so called 
"stem cell niche", i.e. the immediate neighbourhood of 
the cell, which is defined both by the anatomic structure 
and by cellular and non-cellular parameters. The tumour 
tissue apparently holds such niche properties and it is 
characterised by the expression of certain surface mo- 
lecules such as cadherins, catenins or integrins [93], 
[94], [95]. 

The surrounding tissue and the supporting extracellular 
matrix are of extraordinary importance for the formation 
and preservation of a tumour. They rule its identity and 
its cellular behaviour. If, for instance, ordinary somatic 
cells are removed from their "niche environment" and 
cultivated, often retrodifferentiation processes become 
apparent [96]. 

By implication it became apparent in transplantation ex- 
periments with stem cells showing already malignant 
degeneration caused by oncogenic mutations, that they 
do not induce tumour growth in a healthy niche. However, 
if healthy stem cells were transplanted in pre-damaged 
tissue, tumours emerged from them. There is much to 
be said for, that the niche is playing a role in the last steps 
of a malignant degeneration [97]. One of the mechanisms 
through which niche factors influence the destiny of 
cancer stem cells is the control and decision over the 
proliferation of symmetric (two identical cells) vs. asym- 
metric proliferation (one identical and one differentiated 
cell). Factors secreted by the tumour stroma influence 
the stem cell niche of the tumour microenvironment and 
provide a suitable setting for tumour expansion. It is en- 
tirely not understood by which stimuli and for what reas- 
ons dormant cancer stem cells are being re-activated 
after years in their niche and long after a cancer therapy. 

5. Therapeutic implications 

For HNSCC only a few papers regarding CSC therapy 
strategies are available. Taking studies on other cancer 
entities and the model of hierarchic tumour initiation into 
account the following order of events must be adopted 
(Figure 3). The heterogenic tumour will be treated with 
conventional means. During the surgical intervention re- 
sidual cancer cells remain in the incisal margin, in the 
neighbourhood of the tumour and in the adjacent tissue 
space; those will be treated postoperatively or primarily 
with combined or primary radiotherapy. The heterogenic 
tumour's differentiated tumour cells will be destroyed. 
The considerably chemo- and radio-resistant cancer stem 
cells remain; because of their stem cell characteristics 
they are able to generate a tumour, which histologically 
matches the tissue from where it originated from (Figure 
3). 



This model further emphasizes the immense implication 
of safe margins during surgical measures and demon- 
strates that the objective of future therapies must be the 
development of specific drugs against the cancer stem 
cells of a tumour, which remain after the removal of the 
tumour bulk via conventional therapy treatments. Studies 
will be required which consider the condition of cells like, 
for example, the resting cell cycle phase GO, abilities of 
self renewal, the ability to pass cytotoxic substances out 
of the cell and many other mechanisms of therapy resist- 
ance. 

Initial approaches to treat CSC in HNSCC are emerging 
from the study of such mechanisms. However, none of 
those studies can be regarded as even close of a clinical- 
translational realisation. Similar to other immunothera- 
peutic approaches the biggest problem lies in the select- 
ive reachability of cancer stem cells, because they use 
the same mechanisms, on which the healthy stem cells 
depend on, too, and this makes a specific targeting diffi- 
cult. 

The chosen therapy approaches to date have only been 
tested in vitro or in the mouse model. 

Self renewal cascades 

Until now the targeting of self renewal cascades have 
been tried using different techniques like on the above- 
mentioned Wnt/Frz-system. It was verified on permanent 
HNSCC lines which were compared with healthy epithelial 
cells, that HNSCC lines show considerably increased 
levels of mRNA for Wnt-1, 7a, 10b, 13 and for Fz-2. A 
blockade of the Wnt pathway by means of antibodies led 
to a reduction of the factor LEF/TCF which is required for 
the transcription of Wnt and reduced the expression of 
cyclin dl and the 6-catenin pathway. It also led to an in- 
hibition of proliferation and induced the apoptosis in the 
HNSCC [71]. Goto et al. could identify RAP1 as a factor, 
which increases the nuclear translocation of 6-catenin, 
the core element of the Wnt signal. An inhibition of RAP1 
via small interfering RNA (siRNA) could reduce the trans- 
location, lower the expression of matrix metalloproteinase 
7, a transcription of catenin, and thereby functionally 
lower the invasiveness of HNSCC [75]. A regulation via 
inhibition of RAP1 is a possible approach in immunother- 
apy, because high levels of 6-catenin are associated with 
advanced tumour stages. 

But also other self renewal cascades have come into view 
of therapeutic deliberations. Thus, Chen etal. have found 
a better response rate of CSC towards radiation by the 
use of siRNA transmitted silencing of BMI, which is an 
essential protein of a self renewal cascade [59]. In the 
same way Snail could be silenced. Snail is believed to be 
one of the triggers of EMT, which actively transforms 
epithelial cells into migrating mesenchymal cells and in 
doing so actively suppresses the expression of E-cadherin, 
desmoplakin and cytokeratin. 
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Figure 3: Circle of therapy resistance induced by CSC 



T cell therapies and the implication of malignant tissue 

As early as 2007 it could be verified, that ALDH1 is an 
immunogenic epitope, which can be recognised by 
CD8+ T cells. With all the limitations a T cell response 
implicates in HNSCC patients, an antigen-specific immun- 
otherapy towards the epitope of ALDH1 seems possible 
[58]. 

In the future there will presumably be a stark change in 
thinking throughout the tumour therapy caused by the 
results of research. After all the carcinoma cells them- 
selves were in the limelight of most therapy models. In 
recent years, however, it proved to be true how important 
the tumour stroma is for the formation, sustainability and 
also for the tumour eradication. In a mouse model tu- 
mours were used, in which the cancer cells expressed a 
tumour antigen to a lower extent only. When highly spe- 
cific T lymphocytes were then administered in the mouse 
against this tumour antigen, a tumour decrease came 
along with it, but the tumour recovered quickly, because 
the non antigen carrying tumour stroma had not been 
attacked and individual cancer cells, which did not ex- 
press the antigen anymore, could grow further. If, how- 
ever, the tumours have been treated with radiotherapy 
or chemotherapy before the T cell transfer, complete tu- 
mour eradication occurred. Caused by radiation and 
chemotherapy also a release of tumour antigen occurred, 
which was absorbed by the tumour stroma and expressed 
to its cells. Then the transfected T cells attacked both the 
antigen carrying cancer cells and the tumour stroma. As 
a result the cancer cells, which lost the antigen, were also 
killed, because their subservingtumour stroma had been 
killed by the T lymphocytes [98]. However, the role of the 
tumour vessels for the optimal migration of T cells is very 
interesting in this context, too. Caused by G-protein sig- 
nallings (RGS5) a reduced maturation of pericytes, which 
are important for the formation of normal vessels, occurs 



in tumour vessels. The tumour vessels therefore show 
distinct leakages for plasma proteins and also cause a 
worsened oxygenation of tissue. Interestingly those ves- 
sels also act as a stark barrier against the migration of 
T lymphocytes into the tumour, whereby the underlying 
mechanisms are not really understood. However, if the 
G-protein signalling 5 was blocked, the pericytes could 
mature fully and the tumour vessels became apparently 
more stable. This resulted in an improved oxygenation of 
the tumour, but it also resulted in an enforced T cell mi- 
gration, which, in return, could attack the tumour tissue 
[99]. 

References 

1. Leemans CR, Tiwari R, Nauta JJ, van der Waal I, Snow GB. 
Recurrence at the primary site in head and neck cancer and the 
significance of neck lymph node metastases as a prognostic 
factor. Cancer. 1994;73(1):187-190. DOI: 10.1002/1097- 
0142(19940101)73:1<187::AID-CNCR2820730132>3.0.CO;2- 
J 

2. Greenlee RT, Hill-Harmon MB, Murray T, Thun M. Cancer 
statistics, 2001. CA Cancer J Clin. 2001;51(l):15-36. DOI: 
10.3322/canjclin.51.1.15 

3. Young MR, Kolesiak K, Wright MA, Gabrilovich Dl. 
Chemoattraction of femoral CD34+ progenitor cells by tumor- 
derived vascular endothelial cell growth factor. Clin Exp 
Metastasis. 1999;17(10):881-888. DOI: 
10.1023/A:1006708607666 

4. Young MR. Tumor skewing of CD34+ progenitor cell 
differentiation into endothelial cells. Int J Cancer. 
2004;109(4):516-524. DOI: 10.1002/ijc.20003 

5. Reers S, Hagge AC, Pries R, Wollenberg B. Profiling of potential 
stem cell marker proteins in HNSCC. 2011. submitted 

6. Gorjup E, Danner S, Rotter N, Habermann J, Brassat U, 
Brummendorf TH, Wien S, Meyerhans A, Wollenberg B, Kruse C, 
von Briesen H. Glandular tissue from human pancreas and 
salivary gland yields similar stem cell populations. Eur J Cell Biol. 
2009;88(7):409-421. DOI: 10.1016/j.ejcb.2009.02.187 



CITS 



GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2011, Vol. 10, ISSN 1865-1011 



8/12 



Wollenberg: Implication of stem cells in the biology and therapy ... 



7. Rotter N, Oder J, Schlenke P, Lindner U, Bohrnsen F, Kramer J, 
Rohwedel J, Huss R, Brandau S, Wollenberg B, LangS. Isolation 
and characterization of adult stem cells from human salivary 
glands. Stem Cells Dev. 2008;17(3):509-518. DOI: 
10.1089/scd.2007.0180 

8. Reers S, Hagge AC, Pries R, Wollenberg B. Oct-4 expressing 
subpopulation with chemoresistance properties in head and 
neck cancer. 2011. submitted 

9. Caplan A. Mesenchymal stem cells: building blocks for molecular 
medicine in the 21st century. Trends in Molecular Medicine. 
2001;7(6):259-264. DOI: 10.1016/S1471-4914(01)02016-0 

10. Garrity T, Pandit R, Wright MA, Benefield J, Keni S, Young MR. 
Increased presence of CD34+ cells in the peripheral blood of 
head and neck cancer patients and their differentiation into 
dendritic cells. Int J Cancer. 1997;73(5):663-669. DOI: 
10.1002/(SICI)1097-0215(19971127)73:5<663::AID- 
IJC9>3.0.CO;2-V 

11. Pandit R, Lathers DM, Beal NM, Garrity T, Young MR. CD34+ 
immune suppressive cells in the peripheral blood of patients 
with head and neck cancer. Ann Otol Rhinol Laryngol. 
2000;109(8 Pt l):749-754. 

12. Young MR, Petruzzelli GJ, Kolesiak K, Achille N, Lathers DM, 
Gabrilovich Dl. Human squamous cell carcinomas of the head 
and neck chemoattract immune suppressive CD34(+) progenitor 
cells. Hum Immunol. 2001;62(4):332-341. DOI: 10.1016/S0198- 
8859(01)00222-1 

13. Benefield J, Petruzzelli GJ, Fowler S, Taitz A, Kalkanis J, Young 
MR. Regulation of the steps of angiogenesis by human head and 
neck squamous cell carcinomas. Invasion Metastasis. 
1996;16(6):291-301. 

14. Studeny M, Marini FC, Champlin RE, Zompetta C, Fidler IJ, 
Andreeff M. Bone marrow-derived mesenchymal stem cells as 
vehicles for interferon-beta delivery into tumors. Cancer Res. 
2002;62(13):3603-3608. 

15. Rafii S, Lyden D, Benezra R, Hattori K, Heissig B. Vascular and 
haematopoietic stem cells: novel targets for anti-angiogenesis 
therapy? Nat Rev Cancer. 2002;2(ll):826-835. DOI: 
10.1038/nrc925 

16. De Palma M, Venneri MA, Roca C, Naldini L. Targeting exogenous 
genes to tumor angiogenesis by transplantation of genetically 
modified hematopoietic stem cells. Nat Med. 2003;9(6):789- 
795. DOI: 10.1038/nm871 

17. Stoll BR, Migliorini C, Kadambi A, Munn LL, Jain RK. A 
mathematical model of the contribution of endothelial progenitor 
cells to angiogenesis in tumors: implications for antiangiogenic 
therapy. Blood. 2003;102(7):2555-2561. DOI: 10.1182/blood- 
2003-02-0365 

18. Young MR, Wright MA, Coogan M, Young ME, Bagash J. Tumor- 
derived cytokines induce bone marrow suppressor cells that 
mediate immunosuppression through transforming growth factor 
beta. Cancer Immunol Immunother. 1992;35(1):14-18. DOI: 
10.1007/BF01741049 

19. PakAS, Wright MA, Matthews JP, Collins SL, Petruzzelli GJ, Young 
MR. Mechanisms of immune suppression in patients with head 
and neck cancer: presence of CD34(+) cells which suppress 
immune functions within cancers that secrete granulocyte- 
macrophage colony-stimulating factor. Clin Cancer Res. 
1995;1(1):95-103. 

20. Young MR, Wright MA, Lozano Y, Matthews JP, Benefield J, 
Prechel MM. Mechanisms of immune suppression in patients 
with head and neck cancer: influence on the immune infiltrate 
of the cancer. Int J Cancer. 1996;67(3):333-338. DOI: 
10.1002/(SICI)1097-0215(19960729)67:3<333::AID- 
IJC5>3.0.CO;2-S 



21. Aiuti A, Webb IJ, Bleul C, Springer T, Gutierrez-Ramos JC. The 
chemokine SDF-1 is a chemoattractant for human CD34+ 
hematopoietic progenitor cells and provides a new mechanism 
to explain the mobilization of CD34+ progenitors to peripheral 
blood. J Exp Med. 1997;185(1):111-120. DOI: 
10.1084/jem.l85.1.111 

22. Young MR, Wright MA, Lozano Y, Prechel MM, Benefield J, 
Leonetti JP, Collins SL, Petruzzelli GJ. Increased recurrence and 
metastasis in patients whose primary head and neck squamous 
cell carcinomas secreted granulocyte-macrophage colony- 
stimulatingfactorand contained CD34+ natural suppressor cells. 
Int J Cancer. 1997;74(l):69-74. DOI: 10.1002/(SICI)1097- 
0215(19970220)74:1<69::AID-IJC12>3.0.CO;2-D 

23. Dutt P, Wang JF, Groopman JE. Stromal cell-derived factor-1 
alpha and stem cell factor/kit ligand share signaling pathways 
in hemopoietic progenitors: a potential mechanism for 
cooperative induction of chemotaxis. J Immunol. 
1998;161(7):3652-3658. 

24. Kim CH, Broxmeyer HE. In vitro behavior of hematopoietic 
progenitor cells under the influence of chemoattractants: stromal 
cell-derived factor-1, steel factor, and the bone marrow 
environment. Blood. 1998;91(1):100-110. 

25. Wright MA, Wiers K, Vellody K, Djordjevic D, Young MR. 
Stimulation of immune suppressive CD34+ cells from normal 
bone marrow by Lewis lung carcinoma tumors. Cancer Immunol 
Immunother. 1998;46(5):253-260. DOI: 
10.1007/S002620050485 

26. Gabri MR, Menna PL, Scursoni AM, Gomez DE, Alonso DF. Role 
of tumor-derived granulocyte-macrophage colony-stimulating 
factor in mice bearing a highly invasive and metastatic mammary 
carcinoma. Pathobiology. 1999;67(4): 180-185. DOI: 
10.1159/000028070 

27. Hirashima M, Kataoka H, Nishikawa S, Matsuyoshi N. Maturation 
of embryonic stem cells into endothelial cells in an in vitro model 
of vasculogenesis. Blood. 1999;93(4):1253-1263. 

28. Lathers DM, Achille N, Kolesiak K, Hulett K, Sparano A, Petruzzelli 
GJ, Young MR. Increased levels of immune inhibitory CD34+ 
progenitor cells in the peripheral blood of patients with node 
positive head and neck squamous cell carcinomas and the ability 
of these CD34+ cells to differentiate into immune stimulatory 
dendritic cells. Otolaryngol Head Neck Surg. 2001;125(3):205- 
212. DOI: 10.1067/mhn.2001.117871 

29. Blumenthal RD, ReisingA, Leon E, Goldenberg DM. Modulation 
of marrow proliferation and chemosensitivity by tumor-produced 
cytokines from syngeneic pancreatic tumor lines. Clin Cancer 
Res. 2002;8(5):1301-1309. 

30. Banich JC, Kolesiak K, Young MR. Chemoattraction of CD34+ 
progenitor cells and dendritic cells to the site of tumor excision 
as the first step of an immunotherapeutic approach to target 
residual tumor cells. J Immunother. 2003;26(l):31-40. DOI: 
10.1097/00002371-200301000-00004 

31. Young MR, Wright MA, Pandit R. Myeloid differentiation treatment 
to diminish the presence of immune-suppressive CD34+ cells 
within human head and neck squamous cell carcinomas. J 
Immunol. 1997;159(2):990-996. 

32. Pries R, Nitsch S, Wollenberg B. Role of cytokines in head and 
neck squamous cell carcinoma. Expert Rev Anticancer Ther. 
2006;6(9):1195-1203. DOI: 10.1586/14737140.6.9.1195 

33. Nitsch SM, Pries R, Wollenberg B. Head and neck cancertriggers 
increased IL-6 production of CD34+ stem cells from human cord 
blood. In Vivo. 2007;21(3):493-498. 

34. Young MR, Lathers DM. Myeloid progenitor cells mediate immune 
suppression in patients with head and neck cancers. Int J 
Immunopharmacol. 1999;21(4):241-252. DOI: 10.1016/S0192- 
0561(99)00008-9 



cms 



GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2011, Vol. 10, ISSN 1865-1011 



9/12 



Wollenberg: Implication of stem cells in the biology and therapy ... 



35. Lathers DM, Lubbers E, Beal NM, Wright MA, Young MR. Cultures 
derived from peripheral blood CD34+ progenitor cells of head 
and neck cancer patients and from cord blood are functionally 
different. Hum Immunol. 1999;60(12):1207-1215. DOI: 
10.1016/S0198-8859(99)00114-7 

36. Lathers DM, Lubbers E, Wright MA, Young MR. Dendritic cell 
differentiation pathways of CD34+ cells from the peripheral blood 
of head and neck cancer patients. J Leukoc Biol. 1999;65(5):623- 
628. 

37. Lathers DM, Achille N, Young MR. Dendritic cell development 
from mobilized peripheral blood CD34+ cells. Methods Mol Biol. 
2003; 215:409-415. 

38. Bernhard H, Disis ML, Heimfeld S, Hand S, Gralow JR, Cheever 
MA. Generation of immunostimulatory dendritic cells from human 
CD34+ hematopoietic progenitor cells of the bone marrow and 
peripheral blood. Cancer Res. 1995;55(5):1099-1104. 

39. Kanangat S, Nair S, Babu JS, Rouse BT. Expression of cytokine 
mRNA in murine splenic dendritic cells and better induction of 
T cell-derived cytokines by dendritic cells than by macrophages 
during in vitro costimulation assay using specific antigens. J 
Leukoc Biol. 1995;57(2):310-316. 

40. Tjoa B, Erickson S, Barren R 3rd , Ragde H, Kenny G, Boynton A, 
Murphy G. In vitro propagated dendritic cells from prostate cancer 
patients as a component of prostate cancer immunotherapy. 
Prostate. 1995;27(2):63-69. DOI: 10.1002/pros.2990270202 

41. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, 
and cancer stem cells. Nature. 2001;414(6859):105-111. DOI: 
10.1038/35102167 

42. Visvader JE, Lindeman GJ. Cancer stem cells in solid tumours: 
accumulating evidence and unresolved questions. Nat Rev 
Cancer. 2008;8(10):755-768. DOI: 10.1038/nrc2499 

43. Dick JE. Stem cell concepts renew cancer research. Blood. 
2008;112(13):4793-4807. DOI: 10.1182/blood-2008-08- 
077941 

44. MaenhautC, Dumont JE, Roger PP, van Staveren WC. Cancer 
stem cells: a reality, a myth, a fuzzy concept or a misnomer? An 
analysis. Carcinogenesis. 2010;31(2):149-158. DOI: 
10.1093/carcin/bgp259 

45. Braakhuis BJ, Tabor MP, Leemans CR, van der Waal I, Snow GB, 
Brakenhoff RH. Second primary tumors and field cancerization 
in oral and oropharyngeal cancer: molecular techniques provide 
new insights and definitions. Head Neck. 2002;24(2):198-206. 
DOI: 10.1002/hed.l0042 

46. Braakhuis BJ, Leemans CR, Brakenhoff RH. Expanding fields of 
genetically altered cells in head and neck squamous 
carcinogenesis. Semin Cancer Biol. 2005;15(2):113-120. DOI: 
10.1016/j.semcancer.2004.08.004 

47. Regenbrecht CR, Lehrach H, Adjaye J. Stemming cancer: 
functional genomics of cancer stem cells in solid tumors. Stem 
Cell Rev. 2008;4(4):319-328. DOI: 10.1007/sl2015-008-9034- 
0 

48. Dalerba P, Cho RW, Clarke MF. Cancer stem cells: models and 
concepts. Annu Rev Med. 2007; 58:267-284. DOI: 
10.1146/annurev.med.58.062105.204854 

49. Dalerba P, Clarke MF. Cancer stem cells and tumor metastasis: 
first steps into uncharted territory. Cell Stem Cell. 2007;1(3):241- 
242. DOI: 10.1016/j.stem.2007.08.012 

50. Prince ME, Sivanandan R, Kaczorowski A, Wolf GT, Kaplan MJ, 
Dalerba P, Weissman IL, Clarke MF, Ailles LE. Identification of a 
subpopulation of cells with cancer stem cell properties in head 
and neck squamous cell carcinoma. Proc Natl Acad Sci USA. 
2007;104(3):973-978. DOI: 10.1073/pnas.0610117104 



51. Mack B, Gires 0. CD44s and CD44v6 expression in head and 
neck epithelia. PLoS One. 2008;3(10):e3360. DOI: 

10. 1371/journal. pone. 0003360 

52. Pries R, Witrkopf N, Trenkle T, Nitsch SM, Wollenberg B. Potential 
stem cell marker CD44 is constitutively expressed in permanent 
cell lines of head and neck cancer. In Vivo. 2008;22(l):89-92. 

53. Prince ME, Ailles LE. Cancer stem cells in head and neck 
squamous cell cancer. J Clin Oncol. 2008;26(17):2871-2875. 
DOI: 10.1200/JC0.2007.15.1613 

54. Hough MR, Rosten PM, Sexton TL, Kay R, Humphries RK. Mapping 
of CD24 and homologous sequences to multiple chromosomal 
loci. Genomics. 1994;22(1):154-161. DOI: 
10.1006/geno.l994.1356 

55. Chen YC, Chen YW, Hsu HS, Tseng LM, Huang PI, Lu KH, Chen 
DT, Tai LK, Yung MC, Chang SC, Ku HH, Chiou SH, Lo WL. 
Aldehyde dehydrogenase 1 is a putative marker for cancer stem 
cells in head and neck squamous cancer. Biochem Biophys Res 
Commun. 2009;385(3):307-313. DOI: 
10.1016/j.bbrc.2009.05.048 

56. Deng S, Yang X, Lassus H, Liang S, Kaur S, Ye Q, Li C, Wang LP, 
Roby KF, Orsulic S, Connolly DC, Zhang Y, Montone K, Butzow 
R, Coukos G, Zhang L. Distinct expression levels and patterns of 
stem cell marker, aldehyde dehydrogenase isoform 1 (ALDH1), 
in human epithelial cancers. PLoS One. 2010;5(4):el0277. DOI: 
10. 1371/journal. pone. 0010277 

57. Ginestier C, Hur MH, Charafe-Jauffret E, Monville F, Dutcher J, 
Brown M, Jacquemier J, Viens P, Kleer CG, Liu S, Schott A, Hayes 
D, Birnbaum D, Wicha MS, Dontu G. ALDH1 is a marker of normal 
and malignant human mammary stem cells and a predictor of 
poor clinical outcome. Cell Stem Cell. 2007;l(5):555-567. DOI: 
10.1016/j.stem.2007.08.014 

58. VisusC, Ito D, Amoscato A, Maciejewska-Franczak M, Abdelsalem 
A, Dhir R, Shin DM, Donnenberg VS, Whiteside TL, DeLeo AB. 
Identification of human aldehyde dehydrogenase 1 family 
member Al as a novel CD8+ T-cell-defined tumor antigen in 
squamous cell carcinoma of the head and neck. Cancer Res. 
2007;67(21):10538- 10545. DOI: 10.1158/0008-5472.CAN- 
07-1346 

59. Chen YC, Chang CJ, Hsu HS, Chen YW, Tai LK, Tseng LM, Chiou 
GY, Chang SC, Kao SY, Chiou SH, Lo WL. Inhibition of 
tumorigenicity and enhancement of radiochemosensitivity in 
head and neck squamous cell cancer-derived ALDHl-positive 
cells by knockdown of Bmi-1. Oral Oncol. 2010;46(3): 158-165. 
DOI: 10.1016/j.oraloncology.2009.11.007 

60. Yu CC, Lo WL, Chen YW, Huang PI, Hsu HS, Tseng LM, Hung SC, 
Kao SY, Chang CJ, Chiou SH. Bmi-1 Regulates Snail Expression 
and Promotes Metastasis Ability in Head and Neck Squamous 
Cancer-Derived ALDH1 Positive Cells. J Oncol. 2011;2011:pii: 
609259. Epub 2010 Sep 27. 

61. Corbeil D, Roper K, Hellwig A, Tavian M, Miraglia S, Watt SM, 
Simmons PJ, Peault B, Buck DW, Huttner WB. The human AC133 
hematopoietic stem cell antigen is also expressed in epithelial 
cells and targeted to plasma membrane protrusions. J Biol Chem. 
2000;275(8):5512-5520. DOI: 10.1074/jbc.275.8.5512 

62. Wu X, Spitz M, Lee J. Novel susceptibility loci for second primary 
tumors/ recurrence in head and neck cancer patients: large-scale 
evaluation of genetic variants. Cancer Prev Res (Phila Pa) 
2009;2(7):617-624. DOI: 10.1158/1940-6207.CAPR-09-0025 

63. Harper U, Piper K, Common J, Fortune F, Mackenzie IC. Stem 
cell patterns in cell lines derived from head and neck squamous 
cell carcinoma. J Oral Pathol Med. 2007;36(10):594-603. DOI: 
10.1111/j.l600-0714.2007.00617.x 

64. Zhou L, Wei X, Cheng L, Tian J, Jiang JJ. CD133, one of the 
markers of cancer stem cells in Hep-2 cell line. Laryngoscope. 
2007;117(3):455-460. DOI: 
10.1097/01.mlg.0000251586.15299.35 



cms 



GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2011, Vol. 10, ISSN 1865-1011 



10/12 



Wollenberg: Implication of stem cells in the biology and therapy ... 



65. Okamoto A, Chikamatsu K, Sakakura K, Hatsushika K, Takahashi 
G, Masuyama K. Expansion and characterization of cancer stem- 
like cells in squamous cell carcinoma of the head and neck. Oral 
Oncol. 2009;45(7):633-639. DOI: 
10.1016/j.oraloncology.2008.10.003 

66. Wei XD, Zhou L, Cheng L, Tian J, Jiang JJ, Maccallum J. In vivo 
investigation of CD133 as a putative marker of cancer stem cells 
in Hep-2 cell line. Head Neck. 2009;31(1):94-101. DOI: 
10.1002/hed.20935 

67. Fodde R, Brabletz T. Wnt/beta-catenin signaling in cancer 
sternness and malignant behavior. Curr Opin Cell Biol. 
2007;19(2):150-158. DOI: 10.1016/j.ceb.2007.02.007 

68. Nusse R, Varmus HE. Many tumors induced by the mouse 
mammary tumor virus contain a provirus integrated in the same 
region of the host genome. Cell. 1982;31(1):99-109. DOI: 
10.1016/0092-8674(82)90409-3 

69. Rijsewijk F, Schuermann M, Wagenaar E, Parren P, Weigel D, 
Nusse R. The Drosophila Homolog of the Mouse Mammary 
Oncogene lnt-1 Is Identical to the Segment Polarity Gene 
Wingless. Cell. 1987;50(4):649-657. DOI: 10.1016/0092- 
8674(87)90038-9 

70. Angers S, Moon RT. Proximal events in Wnt signal transduction. 
Nat Rev Mol Cell Biol. 2009;10(7):468-477. 

71. Rhee CS, Sen M, Lu D, Wu C, Leoni L, Rubin J, Corr M, Carson 
DA. Wnt and frizzled receptors as potential targets for 
immunotherapy in head and neck squamous cell carcinomas. 
Oncogene; 2002;21(43):6598-6605. DOI: 
10.1038/sj.onc.l205920 

72. Yang F, Zeng Q, Yu G, Li S, Wang CY. Wnt/beta-catenin signaling 
inhibits death receptor-mediated apoptosis and promotes 
invasive growth of HNSCC. Cell Signal. 2006;18(5):679-687. 
DOI: 10.1016/j.cellsig.2005.06.015 

73. Song J, Chang I, Chen Z, Kang M, Wang CY. Characterization of 
side populations in HNSCC: highly invasive, chemoresistant and 
abnormal Wnt signaling. PLoS One. 2010;5(7):ell456. DOI: 
10.1371/journal.pone.0011456 

74. Diaz Prado SM, Medina Villaamil V, Aparicio Gallego G, Blanco 
Calvo M, Lopez Cedrun JL, SironvalleSoliva S, Valladares Ayerbes 
M, Garcia Campelo R, Anton Aparicio LM. Expression of Wnt gene 
family and frizzled receptors in head and neck squamous cell 
carcinomas. Virchows Arch. 2009;455(l):67-75. DOI: 
10.1007/S00428-009-0793-Z 

75. Goto M, Mitra RS, Liu M, Lee J, Henson BS, Carey T, Bradford C, 
Prince M, WangCY, Fearon ER, D'Silva NJ. Ra pi stabilizes beta- 
catenin and enhances beta-catenin-dependent transcription and 
invasion in squamous cell carcinoma of the head and neck. Clin 
Cancer Res. 2010;16(l):65-76. DOI: 10.1158/1078-0432.CCR- 
09-1122 

76. Greenburg G, Hay ED. Epithelia suspended in collagen gels can 
lose polarity and express characteristics of migrating 
mesenchymal cells. J Cell Biol. 1982;95(l):333-339. DOI: 
10.1083/jcb.95.1.333 

77. Thompson EW, Newgreen DF, Tarin D. Carcinoma invasion and 
metastasis: a role for epithelial-mesenchymal transition? Cancer 
Res. 2005;65(14):5991-5995. DOI: 10.1158/0008-5472.CAN- 
05-0616 

78. Grunert S, Jechlinger M, Beug H. Diverse cellular and molecular 
mechanisms contribute to epithelial plasticity and metastasis. 
Nat Rev Mol Cell Biol. 2003;4(8):657-665. DOI: 
10.1038/nrmll75 

79. Huber MA, Kraut N, BeugH. Molecular requirements for epithelial- 
mesenchymal transition duringtumor progression. Curr Opin Cell 
Biol. 2005;17(5):548-558. DOI: 10.1016/j.ceb.2005.08.001 

80. Christofori G. New signals from the invasive front. Nature. 
2006;441(7092):444-450. DOI: 10.1038/nature04872 



81. Thiery JP, Sleeman JP. Complex networks orchestrate epithelial- 
mesenchymal transitions. Nat Rev Mol Cell Biol. 2006;7(2):131- 
142. DOI: 10.1038/nrml835 

82. Klymkowsky MW, Savagner P. Epithelial-mesenchymal transition: 
a cancer researcher's conceptual friend and foe. Am J Pathol. 
2009;174(5):1588-1593. DOI: 10.2353/ajpath.2009.080545 

83. Zeisberg M, Neilson EG. Biomarkers for epithelial-mesenchymal 
transitions. J Clin Invest. 2009;119(6):1429-1437. DOI: 
10.1172/JCI36183 

84. Chung CH, Parker J, Levy S, Slebos RJ, Dicker AP, Rodeck U. 
Gene expression profiles as markers of aggressive disease-EGFR 
as a factor. Int J Radiat Oncol Biol Phys. 2007;69(2 Suppl):S102.- 
S105 

85. Boyer B, Roche S, Denoyelle M, Thiery JP. Src and Ras are 
involved in separate pathways in epithelial cell scattering. Embo 
J. 1997;16(19):5904-5913. DOI: 10.1093/emboj/16.19.5904 

86. De Craene B, Gilbert B, Stove C, Bruyneel E, van Roy F, Berx G. 
The transcription factor snail induces tumor cell invasion through 
modulation of the epithelial cell differentiation program. Cancer 
Res. 2005;65(14):6237-6244. DOI: 10.1158/0008-5472.CAN- 
04-3545 

87. Moody SE, Perez D, Pan TC, Sarkisian CJ, Portocarrero CP, Sterner 
CJ, Notorfrancesco KL, Cardiff RD, Chodosh LA. The 
transcriptional repressor Snail promotes mammary tumor 
recurrence. Cancer Cell. 2005;8(3):197-209. DOI: 
10.1016/j.ccr.2005.07.009 

88. Mani SA, Yang J, Brooks M, Schwaninger G, Zhou A, Miura N, 
Kutok JL, Hartwell K, Richardson AL, Weinberg RA. Mesenchyme 
Forkhead 1 (F0XC2) plays a key role in metastasis and is 
associated with aggressive basal-like breast cancers. Proc Natl 
Acad Sci USA. 2007;104(24):10069-10074. DOI: 
10.1073/pnas.0703900104 

89. Dohadwala M, WangG, Heinrich E, Luo J, Lau 0, Shih H, Munaim 
Q, Lee G, Hong L, Lai C, Abemayor E, Fishbein MC, Elashoff DA, 
Dubinett SM, St John MA. The role of ZEB1 in the inflammation- 
induced promotion of EMT in HNSCC. Otolaryngol Head Neck 
Surg. 2000;142(5):753-759. DOI: 
10.1016/j.otohns.2010.01.034 

90. Kupferman ME, Jiffar T, Ei-Naggar A, Yilmaz T, Zhou G, Xie T, 
Feng L, Wang J, Holsinger FC, Yu D, Myers JN. TrkB induces EMT 
and has a key role in invasion of head and neck squamous cell 
carcinoma. Oncogene. 2010;29(14):2047-2059. DOI: 
10.1038/onc.2009.486 

91. Masuda M, Wakasaki T, Suzui M, Toh S, Joe AK, Weinstein IB. 
Stat3 orchestrates tumor development and progression: the 
Achilles' heel of head and neck cancers? Curr Cancer Drug 
Targets. 2010;10(1):117-126. DOI: 
10.2174/156800910790980197 

92. Yang MH, Chang SY, Chiou SH, Liu CJ, Chi CW, Chen PM, Teng 
SC, Wu KJ. Overexpression of NBS1 induces epithelial- 
mesenchymal transition and co-expression of NBS1 and Snail 
predicts metastasis of head and neck cancer. Oncogene. 
2007;26(10):1459-1467. DOI: 10.1038/sj.onc.l209929 

93. Bissell MJ, Labarge MA. Context, tissue plasticity, and cancer: 
are tumor stem cells also regulated by the microenvironment? 
Cancer Cell. 2005;7(l):17-23. DOI: 10.1016/S1535- 
6108(04)00375-7 

94. Clarke MF, Fuller M. Stem cells and cancer: two faces of eve. 
Cell. 2006;124(6):1111-1115. DOI: 10.1016/j.cell.2006.03.011 

95. LaBarge MA, Petersen OW, Bissell MJ. Of microenvironments 
and mammary stem cells. Stem Cell Rev. 2007;3(2):137-146. 
DOI: 10.1007/S12015-007-0024-4 

96. Sagar J, Chaib B, Sales K, Winslet M, Seifalian A. Role of stem 
cells in cancer therapy and cancer stem cells: a review. Cancer 
Cell Int. 2007;7:9. DOI: 10.1186/1475-2867-7-9 



cms 



GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2011, Vol. 10, ISSN 1865-1011 



11/12 



Wollenberg: Implication of stem cells in the biology and therapy ... 



97. Li L, Neaves WB. Normal stem cells and cancer stem cells: the 
niche matters. Cancer Res. 2006;66(9):4553-4557. DOI: 
10.1158/0008-5472.CAN-05-3986 

98. Zhang B, Bowerman NA, Salama JK, Schmidt H, Spiotto MT, 
Schietinger A, Yu P, FuYX, Weichselbaum RR, Rowley DA, Kranz 
DM, Schreiber H. Induced sensitization of tumor stroma leads 
to eradication of established cancer by T cells. JEM. 2007; 
204:49-55. DOI: 10.1084/jem.20062056 

99. Hamzah J. Vascular normalization in Rgs5-deficient tumours 
promotes immune destruction. Nature. 2008;453(7193):410- 
414. DOI: 10.1038/nature06868 



Corresponding author: 

Prof. Dr. med. Barbara Wollenberg 

Klinik fur Hals-, Nasen-und Ohrenheilkunde, Medizinische 

Fakultat Lubeck. Ratzeburger Allee 160 (Haus 28), 23538 

Lubeck, Germany 

barbara.wollenberg@uk-sh.de 



Please cite as 

Wollenberg B. Implication of stem cells in the biology and therapy of 
head and neck cancer. GMS Curr Top Otorhinolaryngol Head Neck Surg. 
2011;10:Doc01. 

DOI: 10.3205/cto000074, URN: urn:nbn:de:0183-cto0000743 
This article is freely available from 

http://www.egms.de/en/journals/cto/2011-10/cto000074.shtml 

Published: 2012-04-26 

Copyright 

©2011 Wollenberg. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution License 
(http://creativecommons.Org/licenses/by-nc-nd/3.0/deed.en). You 
are free: to Share — to copy, distribute and transmit the work, provided 
the original author and source are credited. 



errs 



GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2011, Vol. 10, ISSN 1865-1011 



12/12 



